Substrate stoichiometry and availability, as well as microbial nutrient demand affect the 70 efficiency with which microbes convert available substrates into biomass, as opposed to the 71 release of C or N as enzymes, exudates, or as CO 2 or inorganic N, i.e. the microbial C or N 72 use efficiency (CUE or NUE, respectively) . High microbial CUE denotes a greater potential 73 for soil organic C storage, and lower losses of soil organic C through microbial respiration 74 per unit of C processed (Manzoni et al., 2012; Mooshammer et al., 2014; Sinsabaugh et al., 75 2016) , and has been found to decrease with N deficiency (Keiblinger et al., 2010; Spohn et 76 al., 2016) . Likewise, high microbial NUE indicates efficient incorporation of N into microbial 77 biomass, and concomitant low mineralization (i.e. release of inorganic N as NH 4 + and NO 3 -) 78 into the environment (Mooshammer et al., 2014) . In addition, microbes can take up small 79 organic N forms, such as amino acids; although their production and breakdown is considered 80 a key step in soil N cycling in many systems, their role for soil N dynamics is often 81 overlooked (Schimel and Bennett, 2004; Wild et al., 2013) . term temperature increases in two differently managed mountain grasslands. We assessed 120 microbial C cycling by measuring the partitioning of 13 C-labelled substrate into microbial 121 biomass and respired CO 2 and soil microbial N cycling by 15 N pool dilution approaches, in a 122 managed and an abandoned mountain grassland that were part of an in situ drought 123 experiment. We collected soil samples from controls and drought treated plots at peak 124 drought and tested the temperature response of soil C and N cycling rates under controlled 125 laboratory conditions. We hypothesized that (i) drought reduces microbial C and N uptake as 126 well as mineralization rates, and that microbial CUE and NUE consequently remain 127 unchanged. We further expected that (ii) short-term temperature increases stimulate 128 mineralization processes stronger than microbial growth, and thereby reduce microbial CUE 129 and NUE. As drought would reduce the temperature sensitivity of mineralization processes M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 7 is cut and harvested once a year (Bahn et al., 2006) , and from an abandoned grassland, where 145 all management activities were terminated in 1983 and which has since then undergone the 146 initial states of natural succession (referred to as 'abandoned grassland ', 1900 ', m a.s.l., 147 Schmitt et al., 2010 Ingrisch et al., 2017) .
148
The grasslands differed in the amount of cumulative organic matter input. At the managed 149 grassland aboveground biomass is regularly cut and removed, and average soil organic matter Fisher Scientific, MA, USA). Microbial biomass C and N (C mic , N mic ) was determined in 184 fresh soils using the chloroform fumigation extraction method (Vance et al., 1987) .
185
Fumigated and non-fumigated soils (2 g respectively) were extracted with 20 ml of 0.5 M 186 K 2 SO 4 and analyzed for extractable organic C (EOC) and total extractable N on a TOC/TN 187 Analyzer (TOC-V CPH E200V/TNM-122V; Shimadzu, Austria); no correction factor was 188 applied to values on C mic and N mic reported ( as an internal standard and the conversion of the phospholipids to fatty-acid methyl esters (2018)). For 220 the assay, 2 g of soil pre-incubated at 15°C or 25°C were placed into 250 ml glass bottles.
221
Each subsample received dissolved C-substrate equaling 40 µg of C and the bottles were 222 sealed with butyl rubber plugs. Immediately after 13 C label addition 12 ml gas samples were 223 collected using a syringe and transferred to pre-evacuated Exetainer vials. The air removed 224 from the bottles was replaced with air with known CO 2 concentration and 13 C composition.
225
The samples were then again incubated for 24 h at 15°C and 25°C, respectively. At the end of 226 the incubation further gas samples were taken as described above, and aliquots of soils were 227 used to determine microbial biomass C (C mic ) by chloroform fumigation extraction as Bremen, Germany) coupled to an isotope ratio mass spectrometer (Delta V Advantage,
237
Thermo Fisher, Bremen, Germany). Cumulative respiration (total microbial soil respiration) 238 was calculated correcting for the air replaced at the start of the incubation. Substrate derived 239 13 C in CO 2 and EOC was corrected for mean natural abundance of soil by calculating atom 240 percent excess. Microbial CUE was estimated as follows:
where C substrate incorporation is the 13 C labelled substrate incorporated into biomass and C 246 substrate respiration is the CO 2 respired from labelled substrates during the incubation.
247
Microbial C turnover was calculated by dividing the total microbial biomass pool by the C 248 substrate incorporation rate: 13 rates of N min and NH 4 + uptake as well as of NO 3 production and uptake were calculated as 294 described by Kirkham & Bartholomew (1954) . production was occurring in the same range as gross NH 4 + uptake we could not separate the 304 two processes and therefore did not consider inorganic N process rates for estimating as their interactions on microbial CUE and NUE, and on the respective C-and N process 320 rates were also assessed applying linear mixed effect models with plot identity nested as 321 random factor within land management. Variables were tested for normal distribution of 322 residuals. Since many variables showed unequal variances between the two land management 323 systems we used the weights function to fix variance weights. For all process rates Q 10 values 324 were calculated as follows: (Table 1 ). The managed grassland showed a significantly lower fungi:bacteria PLFA ratio, Table 1 ).
344
Total soil microbial respiration (per g dry mass soil) was not significantly different between 345 the two sites, but specific respiration (i.e., respiration normalized to C mic ) was significantly 346 higher in the managed compared to the abandoned grassland (Fig 2, Fig. S1 , Table 2 , Table   347 S1). Neither microbial C substrate incorporation nor C substrate respiration differed 348 significantly between the two sites; yet the small differences resulted in significantly higher 349 microbial CUE of 0.61 (±0.03) in the managed, compared to 0.51 (±0.04) in the abandoned 350 grassland (Fig. 2 , Table 2 ). Microbial C turnover occurred almost three times faster in the 351 managed (11.2 days) than in the abandoned grassland (30.4 days; Table 3 ). Drought did not 352 affect total microbial respiration rates in either grassland, neither on a dry mass soil basis, nor 353 when rates were normalized to C mic (Fig. 2 , Table 2 , Fig. S1 , Table S1 ). However, drought 354 significantly reduced both microbial C substrate incorporation and C substrate respiration, 355 which slowed down microbial C turnover, while microbial CUE remained constant (Fig. 2, 356 Tables 2 and 3) .
357
The analyzed microbial gross N cycling rates did not significantly differ between the two 358 sites and also microbial NUE was similar in the managed (0.66 ±0.06, mean ±SE) and 359 abandoned grassland (0.69±0.03, mean ±SE) ( Fig. 3 , Table 2 ). Normalized to C mic , also most 360 microbial gross N-processing rates were comparable. Only NO 3 pool turnover was 361 significantly higher in the managed compared to the abandoned grassland (Table 3) .
362
The drought treatment differently affected microbial N cycling rates mostly independent of 363 land management. Drought significantly increased gross protein depolymerization, gross N 364 mineralization and gross NH 4 + uptake and significantly reduced gross NO 3 production rates 365 at both sites, while gross AA uptake only showed small changes in either site (Fig. 3 , Table   366 2,). The response of N cycling rates normalized to C mic were less pronounced (Fig. S2 , Table  M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 16 S1). Nonetheless, the drought response of microbial NUE depended significantly with land 368 management and was reduced in the managed, but increased in the abandoned grassland ( Fig.   369 3, Table 2 ). 370 371
Does drought affect the temperature response of microbial C and N cycling?
372
The temperature increase significantly stimulated total microbial soil respiration (Q 10 : 1.8-373 2.2), and C substrate derived respiration (Q 10 : 1.3-1.4), regardless of land management and 374 drought treatment (Fig. 2, Fig. 4 , Table 2 ). Microbial C substrate incorporation was not 375 significantly affected by temperature, but its temperature response showed a trend to vary 376 with land management (F=3.6, p=0.075. Increased temperatures caused a reduction of 377 microbial CUE (Fig. 2, 4 , Table 2 ), which also seemed to tended to interactively depend on 378 land management (F=3.9, p=0.064) and drought treatment (F=3.7, p=0.070, Fig. 2, Fig. 4 , 379 Table 2 ).
380
Although increased temperatures did not significantly change the measured gross N cycling 381 rates, neither per dry mass nor normalized per C mic (Table 2, Table S1 , Fig. 3, Fig. S2 ), incorporating and mineralizing C substrates, was reduced by drought ( Fig. S1 ). One strategy 432 of microbes to cope with drought is to promote the accumulation of osmolytes within the 433 microbial biomass, which would increase microbial CUE in the short term (Manzoni et al., 434 2012). However, microbial CUE was unaffected, indicating that microbes may have rather 435 switched to dormancy (Schimel, 2018) , and that drought did not uncouple respiration from 436 growth independent of observed differences induced by land management. 437 We also show that the responses of microbial N cycling processes to drought were more , 2000; Frey et al., 2013; Li et al., 2014; Steinweg et al., 2008; Walker et al., 2018) , 460 with C substrate respiration increasing stronger than C incorporation ( could represent a short-term stress response. On the other hand, some long term warming 479 studies showed that even after several years of warming microbes exhibited a high 480 temperature sensitivity (Frey et al., 2013; Schindlbacher et al., 2015; Walker et al., 2018) .
481
In contrast to our hypothesis microbial N cycling showed a different, and less pronounced 
835
Statistical details are given in Table 2 . • Microbial CUE, but not NUE, was higher in managed compared to abandoned grasslands • Drought reduced microbial C metabolism at constant CUE • Drought increased gross N mineralization, but affected NUE interactively with land management • Higher temperatures reduced CUE and NUE.
• Only minimal interactive effects of drought and temperature were observed.
